To detect Streptococcus pneumoniae colonization, the nasopharynx is sampled using a swab placed in skim milk-tryptone-glucose-glycerol (STGG) transport medium, and then the swab specimen or STGG medium is cultured or subjected to PCR. We evaluated the effect of swab composition and compared the sensitivities of detection of culture and PCR using swabs and swab-containing medium. Calcium alginate, Dacron polyester, or rayon-tipped swabs were inoculated with pneumococci or were immersed in nasal wash specimens from children and then placed in STGG medium. Swabs and medium inoculated with pneumococci were cultured. Swabs grew significantly more colonies than medium. The number of colonies cultured from rayon swabs or medium was significantly higher than the number cultured from the calcium alginate swab or medium. The number of colonies from both the Dacron polyester swabs and medium were significantly lower than with either calcium alginate or rayon swabs. When DNA was separately extracted from the calcium alginate swab and medium and subjected to PCR for pneumococcal detection from either S. pneumoniae-inoculated swabs or clinical specimens that grew S. pneumoniae, the sensitivity was at least 10 times higher using the swab. With Dacron polyester or rayon-tipped swabs, there was no consistent difference between the sensitivity of PCR using swabs and that of PCR using medium. Thus, calcium alginate swabs may be superior to STGG medium for the culture and PCR-based detection of S. pneumoniae. For culture, rayon swabs are superior and Dacron polyester swabs are inferior. The sensitivity of the swab and swab-containing medium for culture or PCR detection of S. pneumoniae varies with swab composition.
Streptococcus pneumoniae (pneumococcus) is an important pathogen of children and adults (15) . Pneumococci frequently and asymptomatically colonize the nasopharynges of infants and young children. Colonizing bacteria are the source of respiratory tract infections such as pneumonia and acute otitis media as well as invasive pneumococcal infections and serve as the reservoir for person-to-person transmission. In 2000, a heptavalent pneumococcal conjugate vaccine (PCV7) was licensed in the United States and recommended for routine administration to all infants (4) . Use of this vaccine has resulted in a large decrease in the incidence of invasive pneumococcal infections in young children and a decrease in the prevalence of colonization with vaccine serotypes. The latter fact has resulted in a decrease in invasive disease in adults (21) and in infants too young to have been directly protected by vaccination (13) via herd type immunity. This has been accompanied by an apparent increase in the prevalence of colonization with nonvaccine serotypes (7, 10, 12) . Some of these nonvaccine serotypes may have been present prior to the use of PCV7 but were unrecognized due to limitations in the sensitivity of culture and the difficulty in detecting more than one serotype in a nasopharyngeal specimen. Thus, there is a need for sensitive tests for the detection of colonization with S. pneumoniae, including the detection of simultaneous colonization with more than one serotype (2, 6) .
A World Health Organization (WHO) working group recommended a standard method for detecting carriage of S. pneumoniae, including the use of nasopharyngeal swabs with a calcium alginate or Dacron polyester tip (11) placed in STGG (2% skimmed milk powder, 3% Oxoid tryptone soy broth, 0.5% glucose, 10% glycerol) transport medium (9) . To detect pneumococcal colonization, an aliquot of STGG medium or the swab is cultured on agar medium. However, it is unclear if culture of the swab or an aliquot of STGG medium containing the swab is optimal for the culture of pneumococci and if swab composition affects the culture of pneumococci.
Nucleic acid amplification techniques such as PCR hold promise as sensitive tests for the detection of pneumococci in nasopharyngeal (5, 18, 19) and other (14, 20, 22) respiratory specimens, as well as for the detection of specific pneumococcal serotypes (2, 8, 16) . In a study using calcium alginate nasopharyngeal swabs in STGG medium, S. pneumoniae DNA was detected by real-time quantitative PCR amplification of DNA extracted from STGG medium in 93% of 158 samples that grew S. pneumoniae as well as 41% of S. pneumoniae culture-negative specimens. There was a direct correlation be-tween genome equivalents and the number of colonies on culture; specimens that did not grow S. pneumoniae but were positive by PCR had a low level of genome equivalents (18) . Although we acknowledge that some of the positive PCR results for specimens without culturable pneumococci could be false-positive results possibly due to the detection of other alpha-hemolytic streptococci, these results suggest that PCR was more sensitive than culture (2, 16, 18, 19) . Whether the swab or STGG medium is the optimal specimen for PCRbased detection and whether swab composition affects the sensitivity of PCR-based detection methods are not known.
In the present study, we evaluated which swab composition was optimal and whether the use of a swab or STGG medium containing a swab is optimal for the recovery of S. pneumoniae by culture and the detection of S. pneumoniae DNA by a PCR-based method.
MATERIALS AND METHODS
Bacterial strains, growth, and storage. Clinical isolates of serotype 1 and 19F pneumococci were obtained from Michael Jacobs, Case Western Reserve University. The isolates were subcultured on 5% sheep blood agar plates incubated at 37°C. Colonies were inoculated in 10 ml Todd-Hewitt (TH) broth and incubated at 37°C for ϳ2 h to an optical density at 492 nm of 0.4 to 0.5 (exponential phase). A quantitative culture was performed by counting colonies grown after 0.1 and 0.01 ml of a 10 Ϫ5 dilution were spread on blood agar plates. Clinical specimens were cultured (i) by plating 0.1 ml of nasal wash specimen on a blood agar plate containing gentamicin, streaking the plate for isolation, and incubating it in 5 to 10% CO 2 (BBL GasPak CO 2 system; Becton Dickinson Microbiology Systems, Sparks, MD) and (ii) by inoculating 1 ml of a modification of Avery's broth (TH broth with 5% rabbit plasma and 0.8% dextrose [1] ) with 0.1 ml nasal wash specimen. Inoculated Avery's broth was subcultured onto blood agar plates after incubation at 37°C for 4 to 6 h and overnight. Colonies morphologically consistent with pneumococci were identified by standard methods (17) and serotyped as previously described (16) .
Comparison of the sensitivities of methods using a pneumococcus-inoculated swab and STGG medium containing an inoculated swab for the optimal detection of S. pneumoniae by culture. Ten microliters of TH broth containing approximately 2 ϫ 10 3 CFU of exponential-phase pneumococci or 10 l of a 1:10 dilution in TH broth were absorbed onto individual calcium alginate (Fisher Healthcare, Pittsburgh, PA)-, Dacron polyester (COPAN Innovation, Brescia, Italy)-, or rayon (COPAN Innovation, Brescia, Italy)-tipped aluminum swabs that were then placed in tubes containing 1 ml of STGG medium. Control tubes that simulated STGG medium with a 100% release of pneumococci from an inoculated swab were prepared by adding 10 l of pneumococci directly into STGG medium. After incubation for 30 min at ambient temperature (or at 4°C for 18 h), the tubes were vortexed for 20 to 30 seconds, and then 0.1 ml and 0.01 ml of the inoculated STGG medium were quantitatively cultured by plating and spreading the medium on blood agar plates and incubating the plates overnight. In addition, swabs were cultured by removing the swab from STGG medium, and after excess moisture was removed by pressing and rotating the swab against the inside of the tube above the liquid, the swab was rolled repeatedly across the surface of a blood agar plate, with care taken to spread the inoculum evenly, and the plate was incubated overnight. There was day-to-day variation in the numbers of CFU present in the exponential-phase culture and in the inoculum. In order to compare the results of multiple trials performed on different days, the number of CFU in the inoculum was normalized to 2.1 ϫ 10 3 CFU (the median inoculum size) by calculating with a conversion factor (2.1 ϫ 10 3 divided by the number of CFU in the inoculum) and by multiplying the results for each culture of pneumococci from the swab or STGG medium by the conversion factor. The values for the median and interquartile numbers of CFU reported in Table 1 reflect the normalized values.
DNA extraction from specimens. Swabs were inoculated with 10 l of serial 10-fold dilutions of exponential-phase pneumococci, and four methods listed here were tested for the extraction of DNA from 0.2 ml STGG medium or calcium alginate swabs. (i) A High Pure PCR template preparation kit (Roche Applied Science, Mannheim, Germany) was used according to instructions provided by the manufacturer for the isolation of nucleic acids from bacteria or yeasts, with the following modification. The bacterial-lysis step was modified by the addition of 10 l lysis buffer (0.1% sodium deoxycholate, 0.01% sodium dodecyl sulfate, 0.15 M sodium citrate) to the lysozyme-containing solution. Extracted DNA was suspended in a final volume of 200 l. (ii) A NucliSens isolation kit (bioMérieux, Durham, NC), which uses an isolation method based on the binding of DNA to silica particles, was used according to the instructions provided by the manufacturer. We also used a silica particle-based DNA extraction and purification method identical to that of the NucliSens isolation kit using reagents prepared in the laboratory as described by Boom et al. (3) . With either set of reagents, the final extraction volume was 50 l. The performance of the NucliSens isolation kit varied between lots, resulting in inconsistent DNA extraction and purification. Therefore, reagents for this silica particle-based DNA extraction and purification method were prepared in the laboratory. For consistent performance of this method, we noted that the sodium thiocyanate solution must be prepared freshly or used within 48 h of preparation. (iii) The STGG medium (after centrifugation at 10,000 ϫ g for 1 min, removal of supernatant, and resuspension in water) or swab in water was boiled in water for 5 min and centrifuged at 10,000 ϫ g for 1 minute, and the supernatant fluid was used. (iv) The specimen was treated with proteinase K (20 g/ml) and 1% Tween 20, e Number of CFU cultured from STGG medium containing an inoculated swab divided by the number of CFU cultured from an STGG medium tube inoculated directly times 100.
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incubated at 55°C for 60 min and then at 95°C for 10 min, and centrifuged at 10,000 ϫ g for 1 min; the supernatant fluid was used. PCR assays for the amplification of DNA specific for all S. pneumoniae or S. pneumoniae serotype 1 or 19F isolates. PCR for the amplification and detection of serotype 19F DNA was performed as previously described (16) using 10 l of a sample (extracted DNA) in a 50-l reaction mixture, except that a nested PCR was not performed and only the inner primers were present in the PCR sample reaction mixture. PCR for serotype 1 was performed as described previously (N. E. Dayan, A. Rizvi, and L. G. Rubin, unpublished data). PCR for the amplification and detection of pneumococci from clinical specimens targeted a region of the autolysin gene, lytA. Left and right primers were GGA AAG ACC CAG AAT TAG GT and GTC TGA GTG GTT GTT TGG TT, respectively. PCR products were detected via agarose gel electrophoresis, and photographs of gels were inspected for the presence of bands with molecular sizes of 178 bp, 208 bp, and 308 bp for serotype 1, serotype 19F, and lytA, respectively.
Comparison of the sensitivities of methods using a pneumococcus-inoculated swab and STGG medium containing an inoculated swab for PCR amplification and detection of S. pneumoniae DNA in simulated clinical specimens. Calcium alginate-, Dacron polyester-, or rayon-tipped aluminum swabs were inoculated with (i) 10 l of STGG medium containing approximately 2 ϫ 10 3 CFU of exponential-phase cultures of a type 1 or 19F isolate or (ii) 10 l of serial 10-fold dilutions of these isolates and placed in tubes containing 1 ml of STGG medium. After the tubes were incubated at ambient temperature for 30 min and vortexed for 20 to 30 seconds, DNA was separately extracted from the removed swab (after excess moisture was removed by pressing and rotating the swab against the inside of the tube) and from 0.2 ml STGG medium containing the swab by the silica particle-based method. Extracted DNA was subjected to PCR-based amplification and detection as described above.
Comparison of the sensitivities of methods using a swab and STGG medium containing an inoculated swab for the PCR-based detection of S. pneumoniae DNA in clinical specimens. Nasal wash specimens that were submitted to the clinical microbiology laboratory for testing for respiratory syncytial virus and influenza virus antigens in saline were obtained from children suspected of having respiratory tract infections. Only specimens from children who had not received an antimicrobial prior to our obtaining the nasal wash specimen were used in these studies. Specimens were cultured for S. pneumoniae as described above and stored at Ϫ70°C. Specimens were thawed, and swabs of each composition were simultaneously immersed in the specimen, removed, and placed in individual tubes containing 1 ml of STGG medium. After being vortexed for 30 seconds, swabs and 0.2 ml of STGG medium were separately processed for DNA extraction and PCR-based amplification and detection. The use of these clinical specimens was approved by the Institutional Review Board of the Long Island Jewish Medical Center.
RESULTS
Comparison of swab and swab-containing STGG medium as specimens for the culture of S. pneumoniae. Culture of calcium alginate swabs (after removal from STGG medium) grew a 3.7-fold-greater number of colonies than 0.1 ml of STGG medium containing the inoculated swab (P Ͻ 0.0001) ( Table 1) . When cultures were repeated after the incubation of STGG medium for 18 h at 4°C, similar results were obtained (data not shown). Compared to the number of colonies grown by the culture of control STGG medium that had been directly inoculated, the culture of STGG medium preincubated with calcium alginate swabs grew only 11% of the number of colonies ( Table 1 ), indicating that a small proportion of viable pneumococci were released from the calcium alginate swab into the STGG medium. Thus, the number of colonies grown on solid medium is significantly higher from the swab than from STGG medium.
Parallel experiments of similar design were performed using Dacron polyester or rayon nasopharyngeal swabs (Table 1) . Using Dacron polyester swabs, more colonies were grown from the swab than from the STGG medium, but few colonies were grown from either source and only 1.4% of viable colonies were released from the swab. Results were similar after the culture of swabs and STGG media that had been incubated at 4°C for 18 h (data not shown). Thus, following the inoculation of a Dacron polyester swab, few viable pneumococci were recovered from either the swab or the swab-containing STGG medium. In contrast, using a rayon swab, significantly more colonies were cultured from the swab than from STGG medium, but more colonies were recovered from either the rayon swab or medium than from either the calcium alginate or the Dacron polyester swab. In addition, the median proportion of viable colonies released from the rayon swab was 47%, which was higher than from the calcium alginate or Dacron polyester swab. In limited experiments of similar design using culturing of rayon swabs and STGG media, which were incubated at 4°C for 18 h, similar results were obtained. Unlike the calcium alginate or Dacron polyester swabs, the rayon swabs unraveled in STGG medium and absorbed more liquid; this may have increased the number of colonies grown from rayon swabs on culture but is unlikely to explain the larger number of colonies grown from the STGG medium. Thus, independently of swab composition, more colonies were grown from the swab than from the STGG medium containing the swab. With culturing of either the swab or STGG medium, more colonies were grown using rayon swabs than calcium alginate swabs and more colonies were grown using calcium alginate swabs than Dacron polyester swabs.
DNA extraction from calcium alginate swabs. The four methods for extracting DNA from calcium alginate swabs described in Materials and Methods were compared. When DNA was prepared either by boiling the inoculated swabs in water or by incubating the swab with proteinase K and 1% Tween 20, no amplified DNA was detected after PCR. When DNA was extracted from swabs using a High Pure PCR template preparation kit or silica-based isolation method and subjected to PCRbased amplification and detection, DNA was detected, but detection was at least 100-fold more sensitive using the silicabased method. Therefore, the silica-based method was chosen.
DNA extraction from STGG medium. To determine the optimal method for DNA extraction for PCR-based detection from STGG medium, the inoculation of STGG medium with serial 10-fold dilutions of exponential-phase S. pneumoniae serotype 1 and DNA extraction using the silica-based method and the boiling method, in either water or STGG medium (see Materials and Methods), were compared. In each of two trials, the detection of the PCR product was 100-fold more sensitive using the silica-based method than the method using boiled water (the highest dilution detected was 10 Ϫ7 and 10 Ϫ6 for the silica-based method and 10 Ϫ5 and 10 Ϫ4 for the boiling-water method in trials 1 and 2, respectively). No PCR product was detected using DNA prepared by boiling STGG medium (lowest dilution tested, 10 Ϫ2 ). Therefore, the silica-based method was chosen.
Comparison of swab and swab-containing STGG medium as the source of DNA for the amplification and detection of pneumococcal DNA from simulated clinical specimens. Detection of amplified type 1 or type 19F DNA from the inoculated calcium alginate swab was approximately 100-fold more sensitive than from the STGG medium containing the swab ( Table  2) . Experiments of identical designs were performed using Dacron polyester and rayon swabs. With Dacron polyester swabs, the sensitivity of detection of pneumococcal DNA from VOL. 46, 2008 EFFECT OF SWAB TYPE ON PCR AND CULTURE FOR PNEUMOCOCCUSthe swab was equal to that of the swab-containing STGG medium (Table 2) . With rayon swabs, the sensitivity of DNA amplification and detection was approximately 10-fold higher using DNA from the swab-containing STGG medium than using the swab but the differences were not significant (Table  2) . However, the sensitivities of DNA detection methods using swabs of any of the three compositions were similar. Effect of swab composition on the sensitivity of PCR-based detection of S. pneumoniae DNA from clinical specimens and comparison of the methods using swabs and swab-containing STGG medium. Thirteen clinical specimens were tested, of which four did not grow S. pneumoniae on culture and nine grew S. pneumoniae. Each of the four clinical specimens that did not grow pneumococci was negative for pneumococcal DNA by PCR using primers within lytA. Amplified pneumococcal DNA was detected from all of nine culture-positive specimens, although one was positive using DNA extracted from the original undiluted specimen but not from any of the swabs or STGG media. PCR was performed on serial 10-fold dilutions of extracted DNA from eight culture-positive specimens to compare the sensitivities of the methods using swabs and STGG medium containing the swab as sources of DNA for PCR. Using calcium alginate swabs, the swab was at least 10-fold more sensitive than swab-containing STGG medium for six specimens, equally sensitive and less sensitive for one specimen each (median titers [ranges], 4 [1 to 6] and 3 [1 to 5] for the swab and the medium, respectively). With Dacron polyester swabs, PCRs using the swab and STGG medium exhibited similar sensitivities. The PCR using the swab was more sensitive than the PCR using medium with four specimens, sensitivities were equal with one specimen, and the PCR using medium was more sensitive than the PCR using a swab with three specimens. The median titers (ranges) were 3 (0 to 5) and 2 (1 to 7) for the swab and the medium, respectively. Using rayon swabs, PCR with the swab was at least 10-fold more sensitive than PCR with STGG medium and four specimens and equally sensitive with four specimens. The median titers (ranges) were 3 (1 to 6) and 2.5 (1 to 5) for the swab and the medium, respectively. Thus, with clinical specimens and calcium alginate or Dacron polyester swabs, the sensitivities of PCRs using swabs and swab-containing medium were similar to those observed using simulated clinical specimens. Using rayon swabs with actual clinical specimens, detection was somewhat more sensitive with swabs than with STGG medium, while using simulated clinical specimens, detection from STGG medium was more sensitive than from a swab.
DISCUSSION
An important finding of this study is that the numbers of colonies of pneumococci cultured from simulated nasopharyngeal swab specimens in STGG transport medium varied markedly with swab composition. Using calcium alginate swabs, the culture of the swabs yielded a statistically significant 3.7-foldgreater mean number of colonies than the culture of STGG medium. This difference in colony number was observed despite the culture of 0.1 ml of STGG medium, a larger volume than is typically streaked on solid agar media for culture (11) These results suggest that viable pneumococci adhere to calcium alginate swabs in STGG medium despite vigorous vortexing or overnight incubation, yet the transfer of viable bacteria occurs when the swab is placed in direct contact with solid agar medium. Using clinical nasopharyngeal specimens, O'Brien et al. grew comparable numbers of CFU from cultures of calcium alginate swabs that were plated directly (prior to placement in STGG medium) and from cultures of 0.1 ml STGG medium containing the swab (9). However, they did not compare the numbers of CFU recovered from the cultures of the swab removed from STGG medium and of the STGG medium containing the swab. Our findings support the use of calcium alginate nasopharyngeal swabs for obtaining specimens for the culture of pneumococci as recommended by the WHO working group but suggest that the sensitivity of culture may be higher with the swab than with STGG transport medium containing the swab, the source of material for culture recommended by the working group (11) . In some studies of pneumococcal carriage, the swab rather than the STGG medium was used for culture (12, 19) .
Dacron polyester swabs were also recommended by the WHO working group, but after inoculation and placement in CFU), placed into tubes containing 1 ml STGG medium, and vortexed. DNA was separately extracted and purified from the removed swabs and from 0.2 ml of STGG medium using a silica particle binding-based method.
b Differences between results with the swab and results with STGG medium could not be analyzed using the Mann-Whitney test or Wilcoxon signed-rank test because the standard deviation in one column is 0.
c Differences between results with the swab and results with STGG medium were not significant by the Mann-Whitney test.
STGG medium, less than 2% of viable CFU were released into the medium and few CFU were recovered when either the swab or medium was cultured. These findings suggest that Dacron polyester swabs are inferior to calcium alginate swabs for the culture of S. pneumoniae, although this finding needs to be confirmed using clinical specimens. We have previously shown that the culture of pneumococci is not inhibited by the presence of a Dacron polyester nasopharyngeal swab (N. E. Dayan, A. Rizvi, and L. G. Rubin, unpublished data). Therefore, it appears unlikely that inhibition of pneumococcal growth by Dacron polyester explains the comparatively poor recovery of pneumococci in culture. The most likely explanation is that viable bacteria are not readily transferred from Dacron polyester swabs to solid agar medium when the swab is rolled across medium and that a limited number of bacteria are released into liquid medium despite vortexing. Based on these data, rayon swabs and the rayon swab-containing STGG medium facilitate the growth of pneumococci and appear to be superior to either calcium alginate or Dacron polyester swabs. Although the median number of colonies grown from the rayon swab was higher than that from STGG medium, the use of the medium resulted in more colonies than the use of either the calcium alginate or Dacron polyester swab. Rayon swabs readily release pneumococci into STGG medium and upon contact with agar growth medium. Therefore, either the rayon swab or medium with the rayon swab appears to be an excellent source of pneumococci for culture.
Due to the limitations of culture, nucleic acid amplification techniques such as PCR are being evaluated as diagnostic tests for the detection of pneumococci in nasopharyngeal swabs and other respiratory specimens (2, 5, 8, 14, 19, 20, 22) . We sought to maximize the sensitivity of PCR detection by analyzing the effect of the DNA extraction method, namely, the use of a swab or medium containing the swab, and the effect of swab composition on the sensitivity of PCR. We compared several methods of DNA extraction and purification from calcium alginate swabs and found the silica-based method to result in the most sensitive detection by PCR. Using the silica-based method, the sensitivities of PCR using inoculated swabs composed of any of the three materials were similar using either simulated specimens or clinical specimens. Whether either the swab or swab-containing STGG medium was superior as a source of DNA for PCR amplification and detection varied with swab composition. Using a calcium alginate swab with either simulated specimens or the nasal wash specimens, the titer of pneumococcal DNA was higher with the swab than with the STGG medium, but the differences were not significant, perhaps because of the small sample sizes (which precluded statistical analyses of the results with simulated specimens). Using Dacron polyester swabs, PCR-based amplification and detection of DNA from the swab and STGG media had similar sensitivities whether simulated or actual clinical specimens were used. Thus, Dacron polyester swabs and swab-containing media were good specimens for PCR-based detection but poor specimens for the culture of S. pneumoniae. PCR-based detection from rayon swab-containing STGG medium was more sensitive than the use of an inoculated rayon swab as a DNA source when simulated clinical specimens were used but less sensitive than PCR using actual clinical specimens. In neither case were the differences statistically significant, but the small sample size of simulated clinical specimens precluded statistical analyses. Overall, in a comparison of the three swab types and the three swab-containing STGG media, the sensitivity of PCR-based DNA amplification and detection varied by no more than 10-fold, with the exception of PCR with calcium alginate swabs, with which detection using the swab was approximately 100-fold more sensitive than with the use of STGG medium. These differences in sensitivity may not be clinically important for most specimens because they contain adequate pneumococcal DNA for PCR-based detection. For seven of the nine culture-positive clinical specimens, the titer for detection by PCR was at least 2, with median titers that ranged from 2.5 to 4 (varying with the source of material), indicating an excess of pneumococcal DNA in most specimens. However, for certain specimens, such as from patients who received antimicrobial therapy, or for detection of DNA from a second pneumococcal serotype that may be present in small numbers, comparatively small differences in sensitivity may be important (2, 16) . Saukkoriipi et al. (18) successfully amplified and detected pneumococcal DNA from STGG medium containing calcium alginate nasopharyngeal swabs from children, a sample choice with which PCR-based detection exhibited a lower sensitivity in the current study than PCR using the swab itself.
There are limitations to these data. The experiments comparing the results of the culture of swabs differing in composition or comparing results with swabs and with STGG medium used pneumococci grown in vitro. The results might have been different if clinical nasopharyngeal specimens from swabs differing in composition had been studied. The sensitivities of DNA detection were compared using a silica-based method for DNA extraction and purification, a method chosen because it was found to be optimal for use with calcium alginate swabs. The results might have been different if a different method for DNA extraction and purification had been used. We tested only a single brand of swab of each composition. It is possible that the results with swabs of the same composition manufactured by different processes may vary. Finally, we used qualitative PCR and were able to detect only differences in sensitivities of detection that were at least 10-fold in magnitude. It is possible that detection sensitivity from different swabs or swab-containing media differed by smaller magnitudes that were not detected in these studies. Ideally, comparative studies should be performed using clinical nasopharyngeal specimens obtained directly with swabs differing in composition, and swabs and swab-containing STGG medium should be evaluated for culturing and as a source of DNA for PCR-based detection.
